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Abstract 
In this paper, a new fault detection method is proposed for protection of transmission lines using RMS values of 3-phase 
instantaneous powers at both sending end and receiving end. The Input signal of any detection algorithm varies not only in case 
of faults but also other cases like High Impedance faults and different non fault situations like power swings, CT saturation and 
frequency deviations etc. Several Detection methods were failed particularly in case of high impedance faults and also at other 
typical cases. The proposed method is verified for normal faults of different types occurring at different instants and also at 
various locations. The reliability of proposed algorithm is relatively higher when compared to conventional algorithms. It 
effectively works under high impedance faults also. The method is tested for various case studies using matlab-simulink 
software. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of Amrita School of Engineering, Amrita VishwaVidyapeetham University. 
Keywords: fault detection, instantaneous power, high impedance faults,euclidean distance 
1. Introduction 
The secure operation of power system components is one of the important aspects in power system operation and 
control. Power systems consists many components such as generators, transformers, Transmission lines, bus bars 
and other devices like current transformers, fact devices etc. Among all components, transmission line is the critical 
component where the probability of occurrence of faults are high because they cover large distances and are exposed 
to different atmosphere and climate conditions [1-3].  
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Several papers are proposed in this area by considering different cases. Initially Wavelet transform was 
introduced in 1980s and applied in many electrical engineering problems such as power quality, protection etc. 
Wavelets were extensively applied in many papers by considering several operating conditions [4-5, 8]. By using 
wavelets, it is very easy to detect different disturbances occurring on transmission lines but it will leads to false 
detection in many cases such as switching transients, noise, spikes etc. Further this technique was applied to detect 
High Impedance faults also [12-13]. Artificial intelligent based techniques like Fuzzy logic [5-6], artificial neural 
networks (ANN) [10-11], and Support Vector machines (SVM) [7, 9] were developed and these techniques are 
applied for power system protection area for fault Detection, classification and location. Wavelets and ANN are very 
popular techniques to Detect different faults and situations which are occurring in the power System [8-11]. S-
Transform is also used to detect faults in power system components and there by the system operate in secure 
manner [14-15], but these techniques are complex and difficult to understand.  But the proposed method is very 
simple method with fundamental mathematical formulas and effectively detects different type faults with operating 
conditions. 
This paper organizes as follows: section 1 consist introduction, section 2 consists the proposed method with 
suitable equations as well as flow chart, section 3 consists test system which is used to test different faults and other 
events, section 4 consists simulation results for normal faults, transients and high impedance faults and conclusions 
are presented in the last section . 
2. Proposed Method 
The method presented in this paper utilizes instantaneous power signal as input which is derived from 
instantaneous voltage and currents of the given power system measurements.  
The equations of instantaneous voltage and currents are given by 
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The instantaneous power p (t) can be obtained by multiplying v (t) and i (t) 
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For the three phase system, the expression for 3-φ instantaneous power is given by 
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The Root mean square value of the three phase instantaneous power for N samples is given by 
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Here Ps and Pr are the RMS values of Instantaneous power at sending end and receiving end. The differential 
power which is used for designing fault Index is given by    
 
PrPsPd  
 Finally Euclidean distance formula is used for finding the fault Index as shown in equation (6) 
                                                                              (6) 
                
By fixing a suitable threshold value, faults can be detected. The selection of threshold value depends on several 
case studies including all type of normal faults, faults located at remote ends, faults with different inception angles 
mainly at 0, 180 degrees and other no-fault events. The flow chart of the above procedure is given in the Fig. 1. 
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Fig.1. Flow Chart of Proposed Algorithm 
3. Test system  
A two terminal network connecting two areas is taken for the algorithm assessment. The system is operating at 
220 kV, the angle difference between the sending ends, receiving end is 10 degrees. The length of the transmission 
line which interlinks the two areas is 300 km. The one line diagram of the test system  is given in Fig 2. 
                                                             .…….…..300 Km………… 
 
Fault Location 
 
Fig 2: One line diagram of test system 
Load 3-phase voltages and 
currents of both ends 
Calculate the instantaneous 3-phase power from equation (4) 
Calculate RMS values of Instantaneous Power from (5) 
Find Pd= Ps-Pr 
Measure fault Index using Euclidean distance (I) 
I > Th No Action 
is required 
Trip Signal 
G1 G2 
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4. Simulation Results 
The method presented in this paper is verified for different cases. Many traditional techniques and methods 
already presented with different signal processing techniques, artificial intelligent techniques detect different types 
of normal faults but the problem is how these methods handles the situations like Switching transients, frequency 
deviations, power swings occurring because of sudden increase or decrease of loads at consumer side, loss of 
synchronism etc. another aspect of study is detection of faults with high Impedance. All these cases are analyzed and 
presented. 
 4.1. Normal Faults 
     The preliminary objective of any detection algorithm is to detect normal faults. Here the proposed algorithm is 
tested for different types of faults like LG, LL, LLG, LLL and LLLG. All these are tested at different locations like 
nearer to sending end, middle of the line and remote ends etc, the method effectively handles faults incepted at 
different inception angles even at typical 0,180 degrees etc. four such types are shown in Fig. 3. In Fig. 3.a, L-G 
type fault case is presented which is incepted at 0.2 sec and 50 Km from sending end side. In Fig 3.b, L-L type fault 
case indices are presented which is incepted at 0.1 sec and 80 Km from sending end side. In Fig 3.c and Fig. 3.d, 
LLG and LLLG fault case are presented.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .3.a) Detection plot for L-G type Fault located at 50 km from sending end   b) Detection plot for L-L type Fault located at 80 km from 
sending end, c) Detection plot for L-L-G type Fault located at middle of the line, d) Detection plot for L-L-L-G type Fault located at 280 km from 
sending end 
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    Fig.  4(.a) RMS 3-phase power and Fault Index for switching transients, (b) RMS 3-phase power and Fault Index for high impedance fault with 
fault impedance of 80Ω 
 
 
 
  
 
 
 
 Fig.5.a. Fault Index plot for L-G type. 5. b. Fault Index plot for LL, LLG and LLL faults. 
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4.2 Switching Transients 
 
      Another important aspect of power system protection is influence of switching transients. Such cases are 
analyzed in this paper. Fig. 4.a shows how the Instantaneous RMS value of power varies and the corresponding fault 
index. The fault index relatively very small when compared with the fault indices obtained in normal fault studies. 
The detailed list is presented  in Table 2. The switching transients include capacitor switching, noise and spikes etc.  
 
      
 4.3 High Impedance Faults 
 
      In general the variations in signals like voltage, current and power high in case of normal faults and switching 
transients, but these variations are very small in case of high impedance faults. So the detection of high impedance 
faults is difficult with many classical methods.  However the method presented in this paper detects HIF also and the  
 
corresponding fault indices are shown in Fig. 4.b. the fault index is relatively smaller than that of normal fault index 
and larger than switching transient index. All the indices are discussed in Table 1 and Table 2. Fig. 5 shows the 
variation of detection measures at different locations of the transmission line. 
Table 1: Magnitude of Detection Indices for different type of normal faults 
Fault 
location(km) 
Index-LG Index-LL Index-LLG Index-LLL/LLLG 
20 5.339 e+08 8.257 e+08 7.838 e+08 9.917 e+08 
40 3.046 e+08 6.787 e+08 6.562 e+08 7.759 e+08 
60 1.918 e+08 5.241 e+08 5.115 e+08 5.838 e+08 
80 1.223 e+08 3.370 e+08 3.260 e+08 3.574 e+08 
100 7.543 e+07 3.002 e+08 2.957 e+08 3.675 e+08 
140 2.033 e+07 1.835 e+08 1.810 e+08 2.684 e+08 
150 1.280 e+07 2.198 e+07 2.075 e+07 1.382 e+07 
170 5.297 e+06 2.142 e+08 2.082 e+08 3.106 e+08 
200 9.535 e+06 2.787 e+08 2.693 e+08 3.627 e+08 
220 3.596 e+08 3.253 e+08 3.069 e+08 3.427 e+08 
240 1.016 e+08 5.199 e+08 4.969 e+08 5.661 e+08 
260 2.251 e+08 7.047 e+08 6.696 e+08 7.598 e+08 
280 4.660 e+08 9.049 e+08 8.478 e+08 9.741 e+08 
Table 2: Magnitude of different typical case studies 
Case study Fault Index comment 
Normal fault  4.357e+06 Least value of index in case of normal faults 
Switching transients 1.855e+06 Maximum value of Index in case of switching transients 
HIF with Rf= 110Ω 1.971e+06 Limitation value for HIF 
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5. Conclusion 
A new fault detection method is presented in this paper by taking instantaneous power as input signal. The 
method is tested for different cases which include faults of several types, located at different points on transmission 
line and also faults at different inception angles. The Advantage of this method is its effectiveness in case of several 
typical cases where many traditional algorithms are failed. The fault index magnitude is varies from 991.7e+06 to 
4.537e+06 under normal cases. Similarly the least value of fault index in case of HIF is around 1.971e+06; 
maximum value of fault index in case of switching transients is around 1.855e+06 or less. Hence there exist an 
accurate difference between fault cases and non fault cases. So identification of fault cases is very effective and easy 
for proposed method.  
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